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Abstract of JP2002158373 

PROBLEM TO BE SOLVED: To attain efficient 
throughput and a low cost by using inexpensive 
glass as material for a transparent substrate by a 
simplified method. SOLUTION: A layer of 
transparent adhesive material is used to bond the 
transparent substrate and an LED epitaxial 
structure having a light absorbing substrate. The 
light absorbing substrate is then removed to form 
an LED having the transparent substrate. By the 
use of the transparent substrate, the light emitting 
efficiency of the LED can significantly be 
improved. 
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1 Title Gf Indention 
LIGHT EMITTING DK)DE AND METHOD OF MAKING THE SAME 

2 Claim:? 

1 . A light emitting diode, comprising; 

a LED epitaxial structure having a multi-layered AlGalnP epitaxial structure 
formed on a light-absorbing substrate; 
a transparent substrate; and 

a transparent adhesive material for bonding the transparent substrate and the 
multi-layered AlGalnP epitaxial structure. 

2. The light emitting diode according to claim 1, wherein the light-absorbing 
substrate is GaAs, 

3. The light emitting diode according to claim 1, wherein the LED epitaxial 
structure is an AlGalnP homostxueture. 

4. The Ught emitting diode according to claim 1, wherein the LED epitaxial 
structure is an AlG-alnP hctero structure . 

5. The light ermrting diode according to claim 1, wherein the LED epitaxial 
structure is an AlGaTn? double hcterostructute. 

6. The light emitting diode according to claim 1, wherein the LED epitaxial 
structure is an AlGalnP quantum well. 

7. The light emitting diode according to claim 1, wherein the transparent 
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adhesive material is SOG- 

S. The ltght emitting diode according to claim 1, wherein the transparent 
adhesive material is polyimide. 

9. The light emitting diode according to claim 1, wherein the transparent 
adhesive material is silicone. 

10. The light emitting diode according to claim 1, further comprises the step of 
removing the light-absorbing substrate after the bonding of the transparent substrate 
and the LED epitaxial structure. 

11. The light emitting diode according to claim U wherein the transparent 
substrate is sapphire, 

12. The light emitting diode according to claim 1, wherein the transparent 
substrate is glass. 

13. The light emitting diode according to claim 1 # wherein the transparent 
substrate is GaP or GaAsP. 

14. The light emitting diode according to claim 1, wherein the transparent 
substrate is 2nSe, ZnS or ZnSSe. 

15. The light emitting diode according to claim 1, wherein the transparent 
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substrate is SiC 

16. The light emitting diode according to claim 1, further comprises a silicon 
oxide layer formed on the surface of the LED epitaxial structure and the transparent 
substrate. 

17. The light emitting diode according to claim 1, wherein the transparent 
substrate and the multi-layered AlGalnP epitaxial structure are bonded by the following 
stages: first stage: performing a heating and pressing step in a temperature between 50 
°C and 300°C; second stage: performing a heating and pressing step in a temperature 
between 300r and 70Q°C. 

18. A method of making a light emitting diode, comprising; 

providing a LED epitaxial structure having a multi-layered AlGaAs epitaxial 
structure formed on a light-absorbing substrate; 
providing a transparent substrate; and 

using a transparent adhesive material to bond the transparent substrate and the 
multi-layered AlGaAs epitaxial structure. 

19. The method according to claim 1 S» wherein the light-absorbing substrate is 
GaAs. 

20. The method according to claim 18 s wherein the LED epitaxial structure is an 
AlGaAs homostructure. 
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21, The method according to claim 1 8 a wherein the LED epitaxial structure is an 
AJGaAs hetorostructure. 

22 ♦ The method according xo claim 1 8, wherein the LED epitaxial structure is an 
AiGaAs double heterostructure. 

23. The method according to claim 1 8, wherein the LED epitaxial structure is an 
AiGaAs quantum well, 

24. The method according to claim 18, wherein the transparent adhesive material 
is spin on glass (SOG). 

25. The method according to claim 18, wherein the transparent adhesive material 
is polyimide. 

26. The method according to claim 18, wherein the transparent adhesive material 
is silicone, 

27. The method according to claim 18, further comprises the step of removing 
the light-absorbing substrate after the bonding of the transparent substrate and the LED 
epitaxial structure, 

28. The method according to claim 18, wherein the transparent substrate is 
sapphire. 
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29. The method according to claim IS, wherein the transparent substrate is glass, 

30. The method according to claim 1 8, wherein the transparent substrate is GaP 
or GaAsP. 

31. The method according to claim 1 8, wherein the transparent substrate is ZnSe, 
ZnS or ZoSSe. 

32. The method according to claim 1 8, wherein the transparent substrate is SiC 

33. The method according to claim 1 8, further comprises the step of ibrming a 
silicon oxide layer on the surface of the LED epitaxial structure and the transparent 
substrate. 

34. The method according to claim 18, wherein the step of bonding the 
transparent substrate and the multi-layered AlGaAs epitaxial structure is performed in 
the following steps: first stage: performing a hearing and pressing step in a temperature 
between 5Q*C and 300*1]; second stage: performing a heating and pressing step in a 
temperature between 3 00°C and700°C. 

3 Detailed Description cl Invention 
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FIELD QF THE INVENTION 

The present invention relates to structure and method of making a light emitting 
diode (LED) chip, and more particularly to structure and method of making an 
AlGalnP LED chip. 

BACKGROU N D OF THF , JNVRNT 1Q N 

The conventional AJGalnP LED. as shown in Fig, 4, has a double 
heterostructure (DH), which is consisted of ann-type (AlxGa1-jJo.5Ino.5P lower cladding 
layer 4 with an Ai composition of about 70%- 100%, formed on an n-typc GaAs 
substrate 3, an (AlxGai-Oo.sInojF active layer 5, a p-type (AlatGai^jInasP upper 
cladding layer 6 with an Al composition of about 70%~f 00% and a p-type high energy 
gap GaAsP, InGaP, AlGaP, GaP, or AlGaAs current spreading layer 7. The emitting 
wavelength of the conventional LED structure can be changed by adjusting 
composition of the active layer to generate a wavelength changed from 650 nm red to 
555 nm pure green. One disadvantage of the conventional LED is that, when the light 
generated by the active layer is emitted downward to the GaAs substrate* the light will 
be absorbed by the GaAs substrate since the GaAs substrate has a smaller energy gap. 
Accordingly, the light-output performance of the LED will be greatly reduced. 

There are some conventional LED technologies have been disclosed in order to 
avoid the absorption of light by the substrate. However, these conventional 
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technologies still have some disadvantages and limitations. For example, Sugawara 
et aL disclosed a method, which has been published in Appl. Phys Lett VoL 6l„ 
1775-1777 (1992), that adding a distributed bragg reflector (DfiR) layer on the GaAs 
substrate so as to reflect the light emitted downward to the GaAs substrate and to 
decrease the light absorbed by the GaAs substrate. However, because the DBR layer 
only reflects the light that is of near normal incidence to the GaAs substrate, so that the 
efficiency is not very great 

Kish et aL disclosed a wafer-bonded transparent-substrate (TS) (AI x Gat_ 
x)ojIno^P/<3aF light emitting diode [Appl Phys Lett. VoL 64, No. 21, 2839 
(1994); Very high-efficiency semiconductor wafer-bonded transparent-substrate 
(Al x Ga Ux )Q.5lno.5P/GaP], This TS AlGalnP LED was fabricated by growing a very 
thick (about 50 /*m) p-type GaP window layer using hydride vapor phase epitaxy 
(HVPE). Before bonding, the n-type GaAs substrate was selectively removed using 
chemical mechanical polishing and etching techniques. The exposed n-typc (AI x Gai- 
xJfr.jIno.sP cladding layers are subsequently wafer-bonded to 8-10 mil thick n-type GaP 
substrate. The resulting TS AlGalnP LED exhibits a two fold improvement in light 
output compared to absorbing substrate (AS) AlGalnP LED. However, the 
fabrication process of TS AlGalnP LED is too complicated. Therefore, it is difficult 
to manufacture these TS AlGalnP LEDs in high yield and low cost 

Homg et aL reported a mirror-substrate (MS) AlGalnP/metal/SiOa/Si LED 
fabricated by wafer-fused technology fAppL Phys Lett. VoL 75, No. 20, 3054 
(1999); AlGalnP Ught-emitting diodes with rnirror substrates fabricated by wafer 
bonding], They used the AuBe/Au as the adhesive to bond the Si substrate and LED 
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epilayers. However, the luminous intensity of these MS AlGalnP LEDs is about 
90mcd with 2QmA injection current and is still 40% lower than the luminous intensity 
of TS AlGalnP LED. 

gr fMMARV OF THK TNVFNJTTON 

As described above, the conventional LED has many disadvantages. Therefore, 
the present invention provides a LED structure and method of making the same to 
solve the conventional disadvantages. 

The present invention provides a light emitting diode. A light emitting diode, 
the light emitting diode comprises a LED epitaxial structure having a multi-layered 
AlGalnP epitaxial structure formed on a light-absorbing substrate; a transparent 
substrate; and a layer of transparent adhesive material for bonding the transparent 
substrate and the multi-layered AlGalnP epitaxial structure. The active layer of the 
LED can be composed of single heterostructure (SH), double heterostructure (DH), 
multi quantum wells (MQWs), or quantum wells heterostructure (QWHs). 
Meanwhile, a first and a second ohmic contact metal layer are connected to a fursl and a 
second conductive-type epitaxial layers, respectively. Besides, both the first and 
second ohmic contact metal layers are located on the same side. 

The present invention provides a method for manufacturing a light emitting 
diode, which comprises the steps of; providing a LED epitaxial structure having a 
multi-layered AlGalnP epitaxial structure formed on a light-absorbing substrate; 
providing a transparent substrate; and using a layer of transparent adhesive material, for 
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example, SOG or silicone, to bond the transparent substrate and the multi-layered 
AiGalhP epitaxial structure. The light-absorbing substrate is then removed to expose 
the first conductive-type etching stop layer so that a first ohmic contact metal layer is, 
for example, formed. The etching step also exposes the second conductive type 
epitaxial layer to form a second ohmic contact layer. In addition, both the first and 
second ohmic contact metal layers are located on the same side. 

An advantage of the present invention is to provide a simple LED structure, the 
adhesion process of the LED structure can be performed at lower temperature to avoid 
the evaporation problem of V group elements. Moreover, by the use of the 
transparent substrate, the light emitting efficiency of the LED can be significantly 
improved 

An advantage of the present invention is the simplified process, wherein the low 
cost glass can be used as the material of the transparent substrate. Accordingly, a 
throughput with high yield and low cost is achieved. 
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DETAILED dkrhrtpttom OF THE, PREFFRRFP EMBODIMENT 

The present invention discloses a LED structure and method of making the same 
and will be described in detail as below. 

Referring to Fig. 1, the epitaxial structure of light emitting diode of the present 
invention is composed of an n-type GaAs substrate 26, an etching stop layer 24 3 n-type 
(AlxGal-KKsIno.sP lower cladding Layer 22 and (AlxGal-xVslnosP active layer 20, p- 
type (AixGal-xfoj Ino.sP ^PP^ cladding Layer 18, and p-type ohmic contact epitaxial 
layer 16. 

in the above description, the material of the p-type ohmic contact epitaxial layer 
can be AlGaAs* AlGalnP, or GaAsF, as along as the energy gap of the material is 
larger than that of the active layer, and no light emitted from the active layer is 
absorbed. 

Moreover, the active layer has an AI composition of about 0^x^0.45, the 
lower cladding layer has an Al composition of about 0.5 ^xgi, the upper cladding 
layer has an AI composition of about 0.5^x^1. If x=0, then the composition of the 
active layer is Gao.5Ino.5P, and the wavelength A d of the LED is 635 nm. 

In the above description, the ratio of the compound such as (AUGa^jInasP is 
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a preferred example, the invention is also applied to any ratio of IH-V semiconductor 
material. In addition, the structure of the AlGainP active layer 20 of the invention 
could be a SH structure, a DH structure, a multiple quantum wells (MQWs) structure, 
or a quantum wells heterostructure (QWHs). The DH structure comprises the n-type 
(Al*Gai,Jo.5lno.5P Jower cladding layer 22, a (Al^ai-^jJhojP active layer 20 and * r> 
type (AlxGauxJojInojP upper cladding layer 18, as shown in Fig, 1, wherein the 
preferred thickness of the lower cladding layer 22, the active layer 20 and the upper 
cladding layer 18 are about 0,5-3.0, 0.5-2.0 and 0-5-3.0 fl m, respectively. 

The preferred material of the etching stop layer 24 of the invention can be any 
ETJ-V compound semiconductor material that has a lattice matched/ or mismatched with 
that of the GaAs substrate 26. The material of the etching stop layer 24 of the 
invention also has an etching rate much smaller than that of the GaAs substrate 26. 
For example, InGaP or AlGaAs can be good candidates of the etching stop layer 24. 
th addition, the n-type AlGalnP lower cladding layer has an etching rate much smaller 
than that of the GaAs substrate. Therefore, if the lower cladding layer has enough 
thickness, an optional epitaxial layer, which is used as an etching stop layer, with 
different composition is not necessary. 

The structure as shown in Fig. 2 comprises a transparent adhesive layer 14, for 
example, spin on glass (SOG) and a transparent substrate (TS) 10, The material of 
the adhesive layer 14 is not limited to SOG. Any adhesive material with similar 
property, such as polyimide or silicone is also applicable to the invention. The 
transparent substrate can be composed of glass, sapphire wafer, SiC wafer, Ga? wafer, 
GaAsP wafer, ZnSe wafer, ZnS wafer, or ZnSSe wafer. These materials can be 
chosen as the transparent substrate as long as the light absorbed by the material is 
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minor. One advantage of the present invention is that the transparent substrate not 
must be single crystal wafer. The transparent substrate is used for supporting the LED 
epitaxial layer to avoid this epitaxial layer from breaking, the current does not flow 
through the transparent substrate- In other wards, both the polycrystal and amorphous 
crystal can be used as the substrate. Accordingly, the manufacture cost is significant 
decreased. 

Thereafter, the epitaxial layer structure of Fig* 1 is bonded together with the 
transparent substrate of Fig. 2. The adhesion can be performed in a temperature, for 
example, 40(TC , with pressure and heat, according to the method of the invention, A 
silicon oxide layer can be formed on the surface of the LED epitaxial and transparent 
substrate surface by, for example, deposition, evaporation* or sputtering, to improve the 
adhesion property between the LED epitaxial structure and the transparent substrate. 
After that, a SOG layer is coated, then a temperature, for example, 400*C , and a 
pressure are applied for a period to the complete the adhesion between the epitaxial 
structure and the transparent substrate* bi order to provide better adhesion, the LED 
epitaxial structure and the transparent substrate bonded by the SOG layer, can be 
heated at a lower temperature, for example, 50 *C to 300 *C, to remove the organic 
solvent in the SOG layer, and then the ternrjerature is raised to a range between 300 P C 
and 700°C so that the bonding strength of the LED epitaxial structure, the transparent 
substrate, and the SOG layer is excellent Thereafter, the opaque n-type GaAs 
substrate is then removed by etchant, for example, 5H3P04:3H 2 02i3H 2 0 
orlNH40H:35H 2 02- However, the etching stop layer, InGaP or AlGaAs, still 
absorbs the light emitted from the active layer. Therefore, it is necessary to remove 
the etching stop layer and only remains a portion of this etching stop layer contacted 
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with the n-iype otamic contact metal layer* A dry etching method, foe example, REE, 
is then applied to remove portions of the n-type AlGalnP Lower ctadding layer, 
AlGalnP active layer and p-type AlGalnP upper cladding layer to further expose the p- 
type ohmic contact epitaxial layer. A p-type ohmic contact metal layer 28 is then 
formed on the p-type ohmic contact epitaxial layer 16. A n-type ohmic contact metal 
layer 30 is thereafter formed on the n-type AlGalnP lower cladding layer 22 to form a 
LED structure with p-type and n-type ohmic contact metal layers formed on the same 
side, as shown in FIG. 3- 

The light output power of the AlGalnP LED with wavelength 63 5 nm of the 
present invention is more than 4mw (at 20mA injection current) and is two times 
higher than the light output power of the conventional absorbing substrate AlGalnP 
LED. 

The present invention is not limited to the AlGalnP LED having high brightness, 
and is also suitable for other LED materials, for example, red and infrared-red AlGaAs 
LED. The epitaxial structure shown on FIG. 5 is a cross sectional view of the second 
embodiment of the present invention. The AlGaAs red LED (650nrn) includes a 
stacked structure of n-type GaAs substrate 51, n-type AlGaAs Lower cladding layer 52 
with Al composition of about 70-80% and thickness of 0-5pm-2um, and a p-rype 
AlGaAs upper cladding layer 54 with Al composition of about 7Q~80!& and thickness 
of 0.5um~2um_ The AlGaAs red LED structure is then bonded to a transparent 
substrate 56 t for example, sapphire, by silicone 55. The epitaxial structure is then 
etched by an elchant, such as NH40H:H2C>2*1.7:1 to remove the opaque n-type GaAs 
substrate. Thereafter, a wet etching or a dry etching is applied to remove portions of 
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the n-typc AlGaAs lower cladding layer and AlGaAs active layer and to further expose 
the p-type AlGaAs upper cladding layer. A p-type ohmic contact metal layer 57 is 
then formed on the p-type AJGaAs upper cladding layer 54. A n-type ohmic contact 
metal layer 58 is then formed on the n-type AlGaAs lower cladding layer 52 to form a 
LED structure with p type and n-type ohmic contact metal layers formed on the same 
side. 

The fight output power of the present invention AlGaAs LED is two times 
higher than the light output power cf the conventional absorbing substrate AlGaAs 
LED- The AlGaAs LED of the present invention has a wavelength 650 nm, but is not 
limited thereto. 

The LED is composed of transparent substrate, and both the p-type and n-type 
ohmic metal layer are formed on the same side of the transparent substrate, therefore a 
flip chip package method can be applied and the conventional wire bonding method is 
not necessary anymore. Therefore, the LED formed by the method of the present 
invention has a better reliability. Furthermore, no light is absorbed by the transparent 
substrate, therefore the brightness of the LED is improved In addition, the 
transparent substrate can be composed of sapphire, glass or Si€ with high hardness, 
therefore the thickness of the substrate can be down to 100 micrometers without 
breaking so that a LED structure with thin thickness and small size is manufactured 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the Invention, 

4 Brief Description of Driwii&s 
FIGs. 1-3 are schematic, cross-sectional views of the process for manufacturing 
a light ermtting diode in a preferred embodiment according to the present invention; 

FIG. 4 is a schematic, cross-sectional view of structure of conventional light 
emitting diode; 

FIGs. 5-6 are schematic, cross-sectional views of structures of light emitting 
diode of the present invention. 
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FIG. 4 
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FIG. 6 

1 Abstract 
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A light emitting diode (LEE>) and method of making the same are disclosed. 
The present invention uses a layer of transparent adhesive material to bond a 
transparent substrate and a LED. epitaxial structure having a light-absorbing substrate. 
The light absorbing substrate is then removed to form a LED having a transparent 
substrate. By the use of the transparent substrate, the light emitting efficiency of the 
LED can be significantly improved. 
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